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Description 

The invention relates to a method of altering a mem- 
ory state of an addressed cell of an array according to 
the preamble of claim 1 and to an array of electrically s 
alterable memory cells according to the preamble of 
claim 15. 

A method of altering according to the preamble of 
claim 1 and a four-state EEPROM using floating gate 
memory cells according to the preamble of claim 1 5 are 10 
already known from "IEEE Journal of Solid-State Cir- 
cuits", Vol. SC-22, No. 3, June 1987, pages 460-464. 
One memory state is assigned to a positive floating gate 
voltage and three further states are assigned to negative 
floating gate voltages. There is no disclosure of a net is 
positive charge on the floating gate being responsive for 
programmable threshold states of the cell. 

In connection with EEPROMs (US-A-4 357 685) it is 
already known to program the cells by applying charging 
pulses increasing in height to the floating gate of the cell 20 
transistor, and to erase analogously by applying dis- 
charging pulses increasing in height. During periods be- 
tween the single pulses, the cell currents are read to 
check whether the desired state has been reached. No 
further condition is disclosed in the prior art. 25 

US-A-4 087 759 discloses a two-state EEPROM 
having floating gate transistors of the split channel tran- 
sistor type. The memory states are realized either by 
positive or by negative charges. 

The threshold voltage characteristics of a transistor 30 
is dependent from the amount of charge that is retained 
on the floating gate. That is, the minimum amount of volt- 
age (threshold) that must be applied to the control gate 
before the transistor is turned "on" to permit conduction 
between its source and drain regions is determined by 35 
the level of charge on the floating gate. A transistor is 
programmed to one of two or more states by accelerating 
electrons from the substrate channel region, through a 
thin gate dielectric and onto the floating gate. 

The memory cell transistor's state is read by placing 40 
an operating voltage across its source and drain and a 
selected voltage on its control gate, and then detecting 
the level of current flowing between the source and drain 
which determines the programmed state of the transis- 
tor. 45 

One example of such a memory cell is a triple poly- 
silicon, split channel electrically erasable and program- 
mable read only memory (EEprom). It is termed a "split 
channel" device since the floating and control gates ex- 
tend over adjacent portions of the channel. This results so 
in a transistor structure that operates as two transistors 
in series, one having a varying threshold in response to 
the charge level on the floating gate, and another that is 
unaffected by the floating gate charge but rather which 
operates in response to the voltage on the control gate 55 
as in any normal field effect transistor. 

Such a memory cell is termed a "triple polysilicon" 
cell because it contains three conductive layers of poly- 



2 

silicon materials. In addition to the floating and control 
gates, an erase gate is included. The erase gate passes 
through each memory cell transistor closely adjacent to 
a surface of the floating gate but insulated therefrom by 
a thin tunnel dielectric. Charge is then removed from the 
floating gate of a cell to the erase gate, when appropriate 
voltage are applied to all the transistor elements. An ar- 
ray of EEprom cells are generally referred to as a Flash 
EEprom array if an entire array of cells, or a significant 
group of cells, is erased simultanaeously (i.e. in a flash). 

EEprom's have been found to have a limited effec- 
tive life. The number of cycles of programming and eras- 
ing that such a device can endure before becoming de- 
graded is finite. After a number of such cycles in excess 
of 10,000, depending upon its specific structure, its pro- 
grammability can be reduced. Often, by the time the de- 
vice has been put through such a cycle for over 100,000 
times, it can no longer be programmed or erased prop- 
erly. 

This is believed to be the result of electrons being 
trapped in the dielectric each time charge is transferred 
to or away from the floating gate by programming or eras- 
ing, respectively. 

It is a primary object of the present invention to pro- 
vide an EEprom array with increased storage capacity 
and life. 

It is a further object of the present invention to pro- 
vide techniques for increasing the number of pro- 
gram/erase cycles that an EEprom can endure. 

It is an advantage of the present invention to provide 
EEprom semiconductor chips that are useful for solid 
state memory to replace magnetic disk storage devices. 

The features of the invention are specified in claims 
1 and 15. 

The present invention relates, briefly and generally, 
to an EEprom memory cell which is caused to store more 
than one bit of data by partitioning its programmed 
charge into three or more ranges. Each cell is then pro- 
grammed into one of these ranges. If four ranges are 
used, two bits of data can be stored in a single cell. If 
eight ranges are designated, three bits can be stored, 
and so on. 

An intelligent programming and sensing technique 
is provided which permits the practical implementation 
of such multiple state storage. Further, an intelligent 
erase algorithm is provided which results in a significant 
reduction in the electrical stress experienced by the 
erase tunnel dielectric and results in much higher endur- 
ance to program/erase cycling and a resulting increased 
life of the memory. 

Additional objects, features and advantages of the 
present invention will be understood from the following 
description of its preferred embodiments, which descrip- 
tion should be taken in conjunction with the accompany- 
ing drawings. 
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Brief Description of the Drawings 

Figure 1 is a cross section of an example split chan- 
nel Eprom or EEprom. 

Figure 2a is a schematic representation of the com- 
posite transistor forming a split channel Eprom device. 

Figure 2b shows the programming and erase char- 
acteristics of a split channel Flash EEprom device. 

Figure 2c shows the four conduction states of a split 
channel Flash EEprom device in accordance with this 
invention. 

Figure 2d shows the program/erase cycling endur- 
ance characteristics of prior art Flash EEprom devices. 

Figure 2e shows a circuit schematic and program- 
ming/read voltage pulses required to implement multi- 
state storage. 

Figure 3 outlines the key steps in the new algorithm 
used to erase with a minimum stress. 

Figure 4 shows the program/erase cycling endur- 
ance characteristics of the split channel Flash EEprom 
device using intelligent algorithms for multistate pro- 
gramming and for reduced stress during erasing. 

Description of the Preferred Embodiments 

Referring initially to Figure 1, the structure of a 
split-channel Eprom or EEprom cell is described that is 
suitable for use in the improved memory array and op- 
eration of the present invention. A semiconductor sub- 
strate 11 includes source region 13 and drain region 15, 
usually formed by ion implantation. Between the source 
and drain is a channel region 17. Over a portion of the 
channel region designated as L1 is a floating gate 19, 
separated from the substrate by a thin layer of gate oxide 
21. Over a portion of the channel region designated as 
L2 is formed a control gate 23, separated from the sub- 
strate 11 by a thin gate oxide layer 25. The control gate 
23 is also electrically isolated from the floating gate 19 
by an oxide layer 27. 

It is the amount of electrical charge on the floating 
gate 1 9 that is programmed in accordance with the state 
desired to be stored in the cell. If the charge level is 
above some set threshold, the cell is considered to be in 
one state. If below that threshold, it is designated to be 
in its other state. The desired charge level is pro- 
grammed by applying an appropriate combination of 
voltages to the source, drain, substrate and control gate, 
for a designated period of time, in order to cause elec- 
trons to move from the substrate 11 to the floating gate 
19. 

The floating gate is confined to its one memory cell 
and is electrically isolated from all other parts of the struc- 
ture. The control gate 23, on the other hand, extends 
across a large number of cells sharing a common word 
line. As described hereinafter, the split-channel has the 
effect of providing two field-effect-transistors in series, 
one with the floating gate 19 as its control gate and the 
other with the control gate 23 as its control gate. 



The generic split-channel Eprom or EEprom struc- 
ture of Figure 1 becomes a Flash EEprom device when 
an erase gate (not shown) is added. The erase gate is a 
separate electrode positioned near a portion of the float- 

5 ing gate 27 and separated from it by a tunnel dielectric. 
When the proper voltages are applied to the source, 
drain, substrate, control gate and erase gate, the amount 
of charge on the floating gate is reduced. A single erase 
gate extends to a large number of memory cells, if not 

10 the entire array, so that they may be erased all at once. 
In some prior art Flash EEprom cells the source or drain 
diffusions underneath the floating gate are used also as 
the erase electrode, while in other cells the erase elec- 
trode is implemented either in the same conductive layer 

15 as the control gate or in a separate conductive layer. 

Multistate storage 

The split channel Flash EEprom device can be 

20 viewed as a composite transistor consisting of two tran- 
sistors T1 and T2 in series - figure 2a. Transistor T1 is a 
floating gate transistor of effective channel length L1 and 
having a variable threshold voltage V T1 . Transistor T2 
has a fixed (enhancement) threshold voltage V T2 and an 

2S effective channel length L2. The Eprom programming 
characteristics of the composite transistor are shown in 
curve (a) of figure 2b. The programmed threshold volt- 
age V tx is plotted as a function of the time t during which 
the programming conditions are applied. These pro- 

30 gramming conditions typically are V CG = 12V, V D = 9V, 
V s = V BB = OV. No programming can occur if either one 
of V CG or V D is at OV. A Virgin (unprogrammed, un- 
erased) device has V T1 = +1 .5V and V T2 = +1 .OV After 
programming for approximately 100 microseconds the 

35 device reaches a threshold voltage V tx ^ +6.0 volts. This 
represents the off ("0") state because the composite de- 
vice does not conduct at V CG = +5.0V. Prior art devices 
employ a so called "intelligent programming" algorithm 
whereby programming pulses are applied, each of typi- 

40 cally 100 microseconds to 1 millisecond duration, fol- 
lowed by a sensing (read) operation. Pulses are applied 
until the device is sensed to be fully in the off state, and 
then one to three more programming pulses are applied 
to ensure solid programmability. 

45 Prior art split channel Flash EEprom devices erase 
with a single pulse of sufficient voltage V ERASE and suf- 
ficient duration to ensure that V T1 is erased to a voltage 
below V T2 (curve (b) in figure 2b). Although the floating 
gate transistor may continue to erase into depletion 

50 mode operation (line (c) in figure 2b), the presence of the 
series T2 transistor obscures this depletion threshold 
voltage. Therefore the erased on ("1 ") state is represent- 
ed by the threshold voltage V tx = V T2 = +1 .OV. The mem- 
ory storage "window" is given by A V = V^fO") - V tx ("1 ") 

55 = 6.0-1 .0=5.0V. However, the true memory storage win- 
dow should be represented by the full swing of V tx for 
transistor T1 . For example, if T1 is erased into depletion 
threshold voltage V T1 = -3.0V, then the true window 
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should be given by A V = 6.0 - (-3.0) = 9.0V. None of the 
prior art Flash EEprom devices take advantage of the 
true memory window. In fact they ignore altogether the 
region of device operation (hatched region D in figure 
2b) where V T1 is more negative than V T2 . 

This invention proposes for the first time a scheme 
to take advantage of the full memory window. This is 
done by using the wider memory window to store more 
than two binary states and therefore more than a single 
bit per cell. For example, it is possible to store 4, rather 
than 2 states per cell, with these states having the fol- 
lowing threshold voltage: 

State "3": - V T1 = -3.0V, V T2 = +1 .0V 
(highest conduction) = 1,1. 

State "2": - V T1 = -0.5V, V T2 = +1 .0V 
(intermediate conduction) =1,0. 

State "1 ": - V T1 = +2.0V, V T2 = +1 .0V 
(lower conduction) = 0, 1 . 

State "0": - V T1 = +4.5V, V T2 = +1 .0V 
(no conduction) = 0, 0. 

To sense any one of these four states, the control gate 
is raised to V CG = +5.0V and the source-drain current 
l DS is sensed through the composite device. Since V T2 
= +1.0V for all four threshold states transistor T2 be- 
haves simply as a series resistor. The conduction current 
l DS of the composite transistor for all 4 states is shown 
as a function of V CG in figure 2c. A current sensing am- 
plifier is capable of easily distinguishing between these 
four conduction states. The maximum number of states 
which is realistically feasible is influenced by the noise 
sensitivity of the sense amplifier as well as by any charge 
loss which can be expected over time at elevated tem- 
peratures. Eight distinct conduction states are necessary 
for 3 bit storage per cell, and 16 distinct conduction states 
are required for 4 bit storage per cell. 

Multistate memory cells have previously been pro- 
posed in conjunction with ROM (Read Only Memory) de- 
vices and DRAM (Dynamic Random Access Memory). 
In ROM, each storage transistor can have one of several 
fixed conduction states by having different channel ion 
implant doses to establish more than two permanent 
threshold voltage states. Prior art multistate DRAM cells 
have also been proposed where each cell in the array is 
physically identical toall other cells. However, the charge 
stored at the capacitor of each cell may be quantized, 
resulting in several distinct read signal levels. An exam- 
ple of such prior art multistate DRAM storage is de- 
scribed in IEEE Journal of Solid-State Circuits , Feb. 
1988, p. 27 in an article by M. Horiguchi et al. entitled 
"An Experimental Large-Capacity Semiconductor File 
Memory Using 1 6-Levels/Cell Storage". A second exam- 
ple of prior art multistate DRAM is provided in IEEE Cus- 
tom Integrated Circuits Conference , May 1988, p. 4.4.1 



in an article entitled "An Experimental 2-Bit/Cell Storage 
DRAM for Macrocell or Memory-on-Logic Applications" 
by T. Furuyama et al. 

To take full advantage of multistate storage in 

5 Eproms it is necessary that the programming algorithm 
allow programming of the device into any one of several 
conduction states. First it is required that the device be 
erased to a voltage V T1 more negative than the "3" state 
(-3.0V in this example). Then the device is programmed 

10 in a short programming pulse, typically one to ten micro- 
seconds induration. Programming conditions are select- 
ed such that no single pulse can shift the device thresh- 
old by more than one half of the threshold voltage differ- 
ence between two successive states. The device is then 

15 sensed by comparing its conduction current l DS with that 
of a reference current source l REF , i (i=0,1,2,3) corre- 
sponding to the desired conduction state (four distinct 
reference levels must be provided corresponding to the 
four states). Programming pulses are continued until the 

20 sensed current (solid lines in figure 2c) drops slightly be- 
low the reference current corresponding to the desired 
one of four states (dashed lines in figure 2c). To better 
illustrate this point, assume that each programming 
pulse raises V tx linearly by 200 millivolts, and assume 

2S further that the device was first erased to V T1 = -3.2V. 
Then the number of programming/sensing pulses re- 
quired is: 

For state "3"(V T1 = -3.0V) 
30 No. of pulses = (3.2-3.0)/.2 = 1 

For state "2" (V T1 = -0.5V) 

No. of pulses = (3.2-0. 5)/.2= 14 

35 For state "1 11 (V T1 = +2.0V) 

No. of pulses = (3.2-(-2.0))/.2 = 26 

and for state "0" (V T1 = +4.5V) 

No. of pulses = (3.2-(-4.5))/.2 = 39. 

40 

In actual fact shifts in V^ are not linear in time, as shown 
in figure 2b (curve (a)), therefore requiring more pulses 
than indicated for states "1 " and "0". If 2 microseconds 
is the programming pulse width and 0. 1 microseconds is 

^5 the time required for sensing, then the maximum time 
required to program the device into any of the 4 states 
is approximately 39x2 + 39x. 1 = 81 .9 microseconds. This 
is less than the time required by "intelligent programming 
algorithms" of prior art devices. In fact, with the new pro- 

50 gramming algorithm only carefully metered packets of 
electrons are injected during programming. A further 
benefit of this approach is that the sensing during reading 
is the same sensing as that during programming/sens- 
ing, and the same reference current sources are used in 

55 both programming and reading operations. That means 
that each and every memory cell in the array is read rel- 
ative to the same reference level as used during pro- 
gram/sense. This provides excellent tracking even in 
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very large memory arrays. 

Large memory systems typically incorporate error 
detection and correction schemes which can tolerate a 
small number of hard failures i.e. bad Flash EEprom 
cells. For this reason the programming/sensing cycling 
algorithm can be automatically halted after a certain 
maximum number of programming cycles has been ap- 
plied even if the cell being programmed has not reached 
the desired threshold voltage state ; indicating a faulty 
memory cell. 

There are several ways to implement the multistate 
storage concept in conjunction with an array of Flash 
EEprom transistors. An example of one such circuit is 
shown in figure 2e. In this circuit an array of memory cells 
has decoded word lines and decoded bit lines connected 
to the control gates and drains respectively of rows and 
columns of cells. Each bit line is normally precharged to 
a voltage of between 1.0 V and 2.0 V during the time 
between read, program or erase. For a four state stor- 
age, four sense amplifiers, each with its own distinct cur- 
rent reference levels IREF,0, IREF,1 , IREF,2, and IREF,3 
are attached to each decoded output of the bit line. Dur- 
ing read, the current through the Flash EEprom transistor 
is compared simultaneously (i.e., in parallel) with these 
four reference levels (this operation can also be per- 
formed in four consecutive read cycles using a single 
sense amplifier with a different reference applied at each 
cycle, if the attendant additional time required for reading 
is not a concern). The data output is provided from the 
four sense amplifiers through four Di buffers (DO, D1 , D2 
and D3). 

During programming, the four data inputs li (10, 11, 
12 and 13) are presented to a comparator circuit which 
also has presented to it the four sense amp outputs for 
the accessed cell. If Di match li, then the cell is in the 
correct state and no programming is required. If however 
all four Di do not match all four li, then the comparator 
output activates a programming control circuit. This cir- 
cuit in turn controls the bit line (VPBL) and word line 
(VPWL) programming pulse generators. A single short 
programming pulse is applied to both the selected word 
line and the selected bit line. This is followed by a second 
read cycle to determine if a match between Di and li has 
been established. This sequence is repeated through 
multiple programming/reading pulses and is stopped 
only when a match is established (or earlier if no match 
has been established but after a preset maximum 
number of pulses has been reached). 

The result of such multistate programming algo- 
rithim is that each cell is programmed into any one of the 
four conduction states in direct correlation with the ref- 
erence conduction states l REF , i. In fact, the same sense 
amplifiers used during programming/reading pulsing are 
also used during sensing (i.e., during normal reading). 
This allows excellent tracking between the reference lev- 
els (dashed lines in figure 2c) and the programmed con- 
duction levels (solid lines in figure 2c), across large mem- 
ory arrays and also for a very wide range of operating 



temperatures. Furthermore, because only a carefully 
metered number of electrons is introduced onto the float- 
ing gate during programming or removed during erasing, 
the device experiences the minimum amount of endur- 

5 ance-related stress possible. 

In actual fact, although four reference levels and four 
sense amplifiers are used to program the cell into one of 
four distinct conduction states, only three sense amplifi- 
ers and three reference levels are required to sense the 

10 correct one of four stored states. For example, in figure 
2c, Iref("2") can differentiate correctly between conduc- 
tion states "3" and "2", I REF (" 1 ") can differentiate correct- 
ly between conduction states "2" and "1", and l REF ("0") 
can differentiate correctly between conduction states "1 " 

15 and "0". In a practical implementation of the circuit of fig- 
ure 2e the reference levels I REF , i (i=0,1 ,2) may be some- 
what shifted by a fixed amount during sensing to place 
them closer to the midpoint between the corresponding 
lower and higher conduction states of the cell being 

20 sensed. 

Note that the same principle employed in the circuit 
of figure 2e can be used also with binary storage, or with 
storage of more than four states per cell. Of course, cir- 
cuits other than the one shown in figure 2e are also pos- 
2S sible. For example, voltage level sensing rather than 
conduction level sensing can be employed. 

Improved Charge Retention 

30 in the example above, states "3" and "2" are the re- 
sult of net positive charge (holes) on the floating gate 
while states "1" and "0" are the result of net negative 
charge (electrons) on the floating gate. To properly sense 
the correct conduction state during the lifetime of the de- 

35 vice (which may be specified as 10 years at 125'C) it is 
necessary for this charge not to leak off the floating gate 
by more than the equivalent of approximately 200 milli- 
volts shift in V T1 . This condition is readily met for stored 
electrons in this as well as all prior art Eprom and Flash 

40 EEprom devices. From device physics considerations, 
retention of holes trapped on the floating gate should be 
significantly superior to the retention of trapped elec- 
trons. This is so because trapped holes can only be neu- 
tralized by the injection of electrons onto the floating 

45 gate. So long as the conditions for such injection do not 
exist it is almost impossible for the holes to overcome 
the potential barrier of approximately 5.0 electronvolts at 
the silicon-silicon dioxide interface (compared to a 3.1 
electron volts potential barrier for trapped electrons). 

50 Therefore it is possible to improve the retention of 
this device by assigning more of the conduction states 
to states which involve trapped holes. For example, in 
the example above state "1 " had V T1 = +2.0V, which in- 
volved trapped electrons since V T1 for the virgin device 

55 was made to be V T1 = +1 .5V. If however V T1 of the virgin 
device is raised to a higher threshold voltage, say to V T1 
= +3.0V (e.g. by increasing the p-type doping concentra- 
tion in the channel region 560a in figure 5a), then the 
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same state "1" with V T1 = +2.0V will involve trapped 
holes, and will therefore better retain this value of V T1 . 
Of course it is also possible to set the reference levels 
so that most or all states will have values of V T1 which 
are lower than the V T1 of the virgin device. 

Intelligent Erase for Improved Endurance 

The endurance of Flash EEprom devices is their 
ability to withstand a given number of program/erase cy- 
cles. The physical phenomenon limiting the endurance 
of prior art Flash EEprom devices is trapping of electrons 
in the active dielectric films of the device. During pro- 
gramming the dielectric used during hot electron channel 
injection traps part of the injected electrons. During eras- 
ing the tunnel erase dielectric likewise traps some of the 
tunneled electrons. The trapped electrons oppose the 
applied electric field in subsequent write/erase cycles 
thereby causing a reduction in the threshold voltage shift 
of V tx . This can be seen in a gradual closure (figure 2d) 
in the voltage "window" between the "0" and "1" states. 
Beyond approximately 1x10 4 program/erase cycles the 
window closure can become sufficiently severe to cause 
the sensing circuitry to malfunction. If cycling is contin- 
ued the device eventually experiences catastrophic fail- 
ure due to a ruptured dielectric. This typically occurs at 
between 1x10 6 and 1x1 0 7 cycles, and is known as the 
intrinsic breakdown of the device. In memory arrays of 
prior art devices the window closure is what limits the 
practical endurance to approximately 1x10 4 cycles. At a 
given erase voltage, V ERASE , the time required to ade- 
quately erase the device can stretch out from 100 milli- 
seconds initially (i.e. in a virgin device) to 10 seconds in 
a device which has been cycled through 1x1 0 4 cycles. 
In anticipation of such degradation prior art Flash EEp- 
rom devices specified to withstand 1x10 4 cycles must 
specify a sufficiently long erase pulse duration to allow 
proper erase after 1x10 4 cycles. However this also re- 
sults in virgin devices being overerased and therefore 
being unnecessarily overstressed. 

A second problem with prior art devices is that during 
the erase pulse the tunnel dielectric may be exposed to 
an excessively high peak stress. This occurs in a device 
which has previously been programmed to state "0" (V T1 
= +4.5V or higher). This device has a large negative 
charge Q. When V ERASE is applied the tunnel dielectric 
is momentarily exposed to a peak electric field with con- 
tributions from V ERASE as well as from Q. This peakfield 
is eventually reduced when Q is reduced to zero as a 
consequence of the tunnel erase. Nevertheless; perma- 
nent and cumulative damage is inflicted through this 
erase procedure, which brings about premature device 
failure. 

To overcome the two problems of overstress and 
window closure a new erase algorithm is disclosed, 
which can also be applied equally well to any prior art 
Flash EEprom device. Without such new erase algorithm 
it would be difficult to have a multistate device since, from 



curve (b) in figure 2d, conduction states having V T1 more 
negative than V T2 may be eliminated after 1x10 4 to 
1x10 5 write/erase cycles. 

Figure 3 outlines the main steps in the sequence of 

5 the new erase algorithm. Assume that a block array of 
mxn memory cells is to be fully erased (Flash erase) to 
state "3" (highest conductivity and lowest V T1 state). Cer- 
tain parameters are established in conjunction with the 
erase algorithm. They are listed in figure 3: V-, is the 

10 erase voltage of the first erase pulse. V-, is lower by per- 
haps 5 volts from the erase voltage required to erase a 
virgin device to state "3" in a one second erase pulse, t 
is chosen to be approximately 1/1 0th of the time required 
to fully erase a virgin device to state "3". Typically, V-, 

15 may be between 1 0 and 20 volts while t may be between 
10 and 100 milliseconds. The algorithm assumes that a 
certain small number, X, of bad bits can be tolerated by 
the system (through for example error detection and cor- 
rection schemes implemented at the system level. If no 

20 error detection and correction is implemented then X = 
0). These would be bits which may have a shorted or 
leaky tunnel dielectric which prevents them from being 
erased even after a very long erase pulse. To avoid ex- 
cessive erasing the total number of erase pulses in a 

2S complete block erase cycling can be limited to a preset 
number, n max . A V is the voltage by which each succes- 
sive erase pulse is incremented. Typically, A V is in the 
range between 0.25V and 1.0V. For example, if 
V-|=15.0V and A V=1.0V, then the seventh erase pulse 

30 will be of magnitude V ERASE =21 .0V and duration t. A cell 
is considered to be fully erased when its read conduct- 
ance is greater than l.. 3 ... The number S of complete 
erase cyclings experienced by each block is an important 
information at the system level. If S is known for each 

35 block then a block can be replaced automatically with a 
new redundant blockonceS reaches 1x10 6 (or any other 
set number) of program/erase cycles. S is set at zero 
initially, and is incremented by one for each complete 
block erase multiple pulse cycle. The value of S at any 

40 one time can be stored by using for example twenty bits 
(2 20 equals approximately 1x10 6 ) in each block. That 
way each block carries its own endurance history. Alter- 
natively the S value can be stored off chip as part of the 
system. 

45 The sequence for a complete erase cycle of the new 
algorithm is as follows (see figure 3): 

1 . Read S. This value can be stored in a register file. 
(This step can be omitted if S is not expected to 
50 approach the endurance limit during the operating 
lifetime of the device). 

1a. Apply a first erase pule with V ERASE =V-| + n A V, 
n=0, pulse duration = t. This pulse (and the next few 
successive pulses) is insufficient to fully erase all 
55 memory cells, but it serves to reduce the charge Q 
on programmed cells at a relatively low erase field 
stress, i.e., it is equivalent to a "conditioning" pulse. 
1b. Read a sparse pattern of cells in the array. A 
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diagonal read pattern for example will read m+n 
cells (rather than mxn cells for a complete read) and 
will have at least one cell from each row and one cell 
from each column in the array. The number N of cells 
not fully erased to state "3" is counted and compared 
with X. 

1c. If N is greater than x (array not adequately 
erased) a second erase pulse is applied of magni- 
tude greater by A V than the magnitude of the first 
pulse, with the same pulse duration, t. Read diago- 
nal cells, count N. 

This cycling of erase pulse/read/increment erase 
pulse is continued until either N ^ X or the number n of 
erase pulses exceed n max . The first one of these two 
conditions to occur leads to a final erase pulse. 

2a. The final erase pulse is applied to assure that 
the array is solidly and fully erased. The magnitude 
of V ERASE can be the same as in the previous pulse 
or higher by another increment A V. The duration can 
be between 1t and 5t. 

2b. 1 00% of the array is read. The number N of cells 
not fully erased is counted. If N is less than or equal 
to X, then the erase pulsing is completed at this 
point. 

2c. If N is greater than X, then address locations of 
the N unerased bits are generated, possibly for sub- 
stitution with redundant good bits at the system 
level. If N is significantly larger than X (for example, 
if N represents perhaps 5% of the total number of 
cells), then a flag may be raised, to indicate to the 
user that the array may have reached its endurance 
end of life. 

2d. Erase pulsing is ended. 
3a. S is incremented by one and the new S is stored 
for future reference. This step is optional. The new 
S can be stored either by writing it into the newly 
erased block or off chip in a separate register file. 
3b. The erase cycle is ended. The complete cycle is 
expected to be completed with between 10 to 20 
erase pulses and to last a total of approximately one 
second. 

The new algorithm has the following advantages: 

(a) No cell in the array experiences the peak electric 
field stress. By the time V ERASE is incremented to a 
relatively high voltage any charge Q on the floating 
gates has already been removed in previous lower 
voltage erase pulses. 

(b) The total erase time is significantly shorter than 
the fixed V ERASE pulse of the prior art. Virgin devices 
see the minimum pulse duration necessary to erase. 
Devices which have undergone more than 1x10 4 
cycles require only several more A V voltage incre- 
ments to overcome dielectric trapped charge, which 
only adds several hundred milliseconds to their total 



erase time. 

(c) The window closure on the erase side (curve (b) 
in figure 2d) is avoided indefinitely (until the device 
experiences failure by a catastrophic breakdown) 
5 because V ERASE is simply incremented until the 
device is erased properly to state "3". Thus, the new 
erase algorithm preserves the full memory window. 

Figure 4 shows the four conduction states of the 
10 Flash EEprom devices of this invention as a function of 
the number of program/erase cycles. Since all four states 
are always accomplished by programming or erasing to 
fixed reference conduction states, there is no window 
closure for any of these states at least until 1x10 6 cycles. 
15 in a Flash EEprom memory chip it is possible to im- 
plement efficiently the new erase algorithm by providing 
on chip (or alternatively on a separate controller chip) a 
voltage multiplier to provide the necessary voltage V1 
and voltage increments A Vto n A V, timing circuitry totime 
20 the erase and sense pulse duration, counting circuitry to 
count N and compare it with the stored value for X, reg- 
isters to store address locations of bad bits, and control 
and sequencing circuitry, including the instruction set to 
execute the erase sequence outlined above. 
2S While the embodiments of this invention that have 
been described are the preferred implementations, 
those skilled in the art will understand that variations 
thereof may also be possible. Therefore, the invention is 
entitled to protection within the full scope of the append- 
30 ed claims. 



Claims 

35 1. A method of altering a memory state of an 
addressed cell of an array, the array of electrically 
alterable memory cells having means for addressing 
individual memory cells to read and alter their states, 
each cell having a field effect transistor with a float- 

40 ing gate (19) and having a threshold voltage level 
that is a given level in the absence of net charge on 
said floating gate, but which is variable in accord- 
ance with an amount of net charge carried by said 
floating gate, comprising the steps of: 

45 

establishing a plurality of effective threshold 
voltage levels (V T1 ) in excess of two that corre- 
spond to a plurality of individually detectable 
states ("0", "1", "2", "3") of the cell in excess of 

50 tWO, 

presetting the effective threshold voltage of the 
addressed cell to a predetermined level by alter- 
ing the amount of charge on the floating gate, 
and 

55 setting the addressed cell to one of its said plu- 

rality of states by altering the amount of charge 
on the floating gate until its effective threshold 
voltage is substantially equal to one of said plu- 
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rality of effective threshold voltage levels, 
characterized in that a majority of said plurality 
of effective threshold levels or at least two effec- 
tive threshold levels ("2", "3") result from a net 
positive charge on the floating gate. 

2. The method of claim 1 

wherein the step of establishing a plurality of effec- 
tive threshold voltage levels V T1 includes establish- 
ing at least four such effective threshold voltage lev- 
els. 

3. The method of claim 1 or 2 

wherein the threshold voltage level establishing step 
includes selecting all of said plurality of effective 
threshold voltage levels to result from a net positive 
charge on the floating gate. 

4. The method of any of claims 1 through 3 
wherein the given threshold level of the memory cell 
transistors is at least three volts. 

5. The method of any of claims 1 through 4 

which comprises the additional step of accumulating 
a count (S) equal to a total number of times that the 
cell has been preset. 

6. The method of any of claims 1 through 5 
wherein the presetting step is an erasing step car- 
ried out by removing negative charge from the float- 
ing gate (19) so as to lower the effective threshold 
voltage of the cell to a base level that is lower than 
the lowest level corresponding to said plurality of 
detectable memory states of the cell, and 

the setting step is a programming step carried out 
by adding negative charge to the floating gate (1 9). 

7. The method of claim 6 

wherein the step of programming the cell to any one 
of its said plurality of threshold voltage levels 
includes alternately pulsing the cell with short pro- 
gramming pulse and then reading the current 
through the cell, continuing with pulsing and reading 
until the current level reaches that corresponding to 
the desired one of said plurality of effective threshold 
levels, each one of said short programming pulses 
being insufficient to change said effective threshold 
voltage by more than approximately one-half of the 
difference between any two adjacent of said plurality 
of threshold voltage levels. 

8. The method of claim 6 

wherein the step of erasing the cell includes alter- 
nately pulsing the cell with an erase pulse and read- 
ing the current through the cell, continuing with puls- 
ing and reading until the current level reaches that 
corresponding to the desired base threshold level, 
the magnitude and duration of each such erase 



pulse being chosen so that the first erase pulse is 
insufficient to fully erase said cell and each subse- 
quent erase pulse has its magnitude increased by a 
fixed increment until the cell is fully erased. 

5 

9. The method of claim 7 

wherein the step of erasing the cell includes alter- 
nately pulsing the cell with an erase pulse and read- 
ing its effective threshold level, continuing with puls- 
10 ing and reading until either said effective threshold 
level reaches the desired base threshold level orthe 
number of erase pulses applied has exceeded a pre- 
set number. 

15 10. The method according to claim 5 

wherein said cells of said array form blocks of cells 
to be addressed and 

further comprising the additional step of storing said 
count (S) in count storing cells within each block of 
20 cells to which the count pertains. 

11. The method according to claim 10 

wherein said count (S) is temporarily stored in a reg- 
ister file, then the addressed block of cells is erased 
2S and the count (S) is incremented by one, whereupon 
the incremented count is rewritten into said count 
storing cells of the addressed block. 

12. The method of claim 6 and 10 

30 wherein the steps of erasing an addressed block 
includes: 

pulsing the cells for a predetermined time and 
voltage sufficient to alter the threshold voltage 
35 but insufficient to completely erase said cells, 

thereafter reading the current through a 
selected number (m + n) of cells in order to 
ascertain their altered threshold voltage, and 
repeating the pulsing and reading steps a plu- 
40 rality of times, each repeat of the pulsing step 

increasing the predetermined voltage an incre- 
ment above that of the last pulsing step, 
terminating the pulsing and reading steps upon 
the first occurence of any one of the following 
45 conditions: the effective threshold voltage of 

each of said selected number (m + n) of cells 
has reached the base level; or 
the pulsing step has been repeated a preset 
maximum number of times; or 
50 a predetermined maximum voltage for a pulse 

has been reached in the most recent pulsing 
step; or 

a number (N) of cells of said selected number 
(m + n) of cells which remain not fully erased is 
55 equal to or less than an acceptable number of 

unerased cells. 

13. The method according to claim 12 
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15 

wherein the selected number (m + n) of cells 
nificantly less than the total number (m x n) 
cells of the addressed block. 

1 4. The method according to claim 1 2 or 1 3 
wherein the count (S) equal to the total number of 
erase cycles that the cells of the addressed block 
have experienced, is accumulated and stored in 
count storing cells within each blockof cells to which 

the count (S) pertains. 10 

15. A device in the form of an array of electrically alter- 
able memory cells having means for addressing 
individual memory cells to read and alter their states, 
each cell including a field effect transistor with is 

a source region (13), 
a drain region (15), 
a channel region (17), 

a floating gate (19), and 20 
a control gate (23), 

the field effect transistor having a threshold volt- 
age level that is a given level in the absence of 
net charge on said floating gate but which is var- 
iable in accordance with an amount of net 25 
charge carried by said floating gate, 
the device comprising 

means for establishing a plurality of effective 
threshold voltage levels (V T1 ) in excess of two 
that correspond to a plurality of individually 30 
detectable states ("0", "1 ", "2", "3") of the cell in 
excess of two, 

means for presetting the effective threshold 
voltage of the addressed cell to a predetermined 
level by altering the amount of charge on the 35 
floating gate, and 

means for setting the addressed cell to one of 
its said plurality of states by altering the amount 
of charge on the floating gate until its effective 
threshold voltage is substantially equal to one 40 
of said plurality of effective threshold voltage 
levels, 

characterized in that a majority of said plurality 
of effective threshold levels or at least two effec- 
tive threshold levels ("2", "3") result from a net 45 
positive charge on the floating gate (19). 

16. The device of claim 15 

wherein said field effect transistor is of the split so 
channel type with a first channel portion (L, ) and 
a second channel portion (L 2 ), and 
wherein said floating gate (19) is positioned 
adjacent said drain region (15) and extends 
across the first portion (l^) of said channel 55 
region (17) with a first gate dielectric layer (21) 
therebetween in a manner to control the amount 
of conduction through the first channel portion 



16 

(l^) in accordance with a level of electron 
charge stored on said floating gate (19), 
said control gate (23) extends over at least a 
portion of the floating gate (19) and being insu- 
lated (27) therefrom, therebyformingafirsttran- 
sistor (T-|) having said threshold voltage level 
(V T1 ) that is given in the absence of net charge 
on said floating gate (19) but which is variable 
in accordance with an amount of net charge car- 
ried by said floating gate (1 9), 
said control gate (23) is also positioned adjacent 
said source region (1 3) and extends across the 
second portion (L 2 ) of said channel region (17) 
with a second gate dielectric layer (25) therebe- 
tween in a manner to control the conduction 
through the second channel portion (L 2 ) in 
accordance with a level of voltage applied to the 
control gate (23), thereby forming a second 
transistor (T 2 ) having a fixed threshold voltage 
(V T2 ), and 

wherein said threshold level (V T1 ) given by said 
first transistor (T-,) is established sufficiently 
high so that at least two programmable thresh- 
old levels result from a net positive charge on 
the floating gate (19). 

17. The device according to claim 16 

wherein said given threshold level (V T1 ) of said first 
transistor (T-,) is greater than the fixed threshold 
(V T2 ) of said second transistor (T 2 ). 

1 8. The device according to claims 1 6 or 1 7 
wherein said given threshold level (V T1 ) of said first 
transistor (T-|) is at least 3 volts. 

19. The device according to claim 18 

wherein the fixed threshold level (V T2 ) of the second 
transistor portion (T 2 ) is approximately 1 volt. 

20. The device according to any of claims 16 through 17 
wherein said given threshold level (V T1 ) of said first 
transistor (T-, ) is established sufficiently high in order 
that the majority or all of said programmable thresh- 
old levels result from a net positive charge on the 
floating gate (19). 

21 . The device according to any of claims 1 6 through 20 
wherein said plurality of programmable threshold 
levels of the first transistor (T-|) is exactly three. 

22. The device according to any one of claims 16 to 20 
wherein said plurality of programmable threshold 
levels of the first transistor (T-|) is exactly four. 

23. The device according to any one of claims 15 to 22 
wherein said presetting and setting means com- 
prise: 
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erasing means electrically connected with at 
least one erase electrode of an addressed cell 
for causing electron charge to be removed from 
the floating gate (1 9) until the floating gate (1 9) 
becomes positively charged to a maximum 5 
amount, 

programming means electrically connected with 
at least said source (13), drain (15) and control 
gate (23) for causing electron charge to be 
added to the floating gate (19) to bring the 10 
amount of electronic charge stored thereon 
from said maximum positive charge to a desired 
one of said effective threshold voltage levels, 
and 

reading means electrically connected with at is 
least said source (13), drain (15) and control 
gate (23) for reading the level of charge stored 
on the floating gate (19) and determining in 
which of said effective threshold voltage levels 
it lies, thereby to read the individual detectable 20 
state ("0", "1", "2", "3") of the cell. 

24. The device according of claim 23 

wherein said erasing means are simultaneously 25 



connectable to erase electrodes or gates of 
storage cells within one of a plurality of distinct 
blocks of cells in multiple rows and columns of 
the array for simultaneously altering the elec- 
tron charge from the floating gates (1 9) of cells 
within said one block, 

wherein said erasing means applies a 
sequence of pulses of increasing magnitude to 
said erase electrodes or gates of said one block 
until at least either 

(i) the threshold levels (VT-|) detected by 
said reading means between said erase 
pulses existing in at least a preset propor- 
tion (N < X) of the cells of said one block 
reach an erased level, or 

(ii) a preset maximum number (n max ) of 
erase pulses have occurred, and 

wherein said programming means is connecta- 
ble to an addressed cell within the array of cells 
for increasing the electron charge on its floating 
gate (19) by applying a sequence of program- 
ming pulses to the addressed cell until at least 
either 

(iii) the threshold level detected by said 
reading means between said programming 
pulses existing in the addressed cell is 
raised from said erase level to substantially 
equal a desired one of said plurality of pre- 
determined threshold levels (V T1 ), or 

(iv) a preset maximum number of program- 



ming pulses has been applied. 

25. The device of claim 24 

wherein said programming means includes means 
for limiting a magnitude of each of said sequence of 
programming pulses to a value that is less than that 
which shifts the threshold level of the first transistor 
(T-| ) of claim 1 6 one-half a difference between adja- 
cent ones of said plurality of effective threshold volt- 
age levels. 

26. The device of any of claims 15 to 25 

further comprising reading means electrically 
connected with at least said source (13), drain 
(15) and control gate (23) for reading the level 
of charge stored on the floating gate (1 9), 
wherein said reading means includes 
a plurality of reference current sources corre- 
sponding respectively to said plurality of effec- 
tive threshold voltage levels (VT-|), and 
means for simultaneously comparing current 
flowing through the addressed cell with each of 
the reference current sources, thereby to deter- 
mine the memory state ("0", "1", "2", "3") of the 
addressed cell. 



Patentanspruche 

30 

1. Verfahren zur Anderung eines Speicherzustandes 
eineradressierten Zelle einer Anordnung, wobeidie 
Anordnung der elektrisch anderbaren Speicherzel- 
len Einrichtungen zur Adressierung individueller 

35 Speicherzellen aufweist, urn die Zustande zu lesen 
und zu andern, wobei jede Zelle einen Feldeffekt- 
transistor mit einem schwimmenden Gate (19) auf- 
weist und einen Schwellwertspannungspegel 
besitzt, der bei Abwesenheit einer Nettoladung auf 

40 dem schwimmenden Gate auf einem gegebenen 
Pegel ist, der jedoch gemaR einem Betrag von Net- 
toladung variabel ist, die von dem schwimmenden 
Gate gefuhrt wird, 
mit folgenden Schritten: 

45 

eine Mehrzahl von effektiven Schwellwertspan- 
nungspegeln (V T1 ) oberhalb von Zwei wird 
errichtet, die einer Mehrzahl von individuell fest- 
stellbaren Zustanden ("0", "1 ", "2", "3") der Zelle 

50 oberhalb von Zwei entspricht, der effektive 

Spannungspegel der adressierten Zelle wird 
auf einen vorbestimmten Pegel dadurch vorein- 
gestellt, dafB der Ladungsbetrag auf dem 
schwimmenden Gate geandert wird ; 

55 die adressierte Zelle wird auf einen Zustand der 

Mehrzahl moglicher Zustande dadurch gesetzt, 
daB der Ladungsbetrag auf dem schwimmen- 
den Gate geandert wird, bis die effektive 
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Schwellwertspannung im wesentlichen gleich 
einem dieser effektiven Schwellwertspan- 
nungspegel der Mehrzahl moglicher Pegel ist, 
dadurch gekennzeichnet, 
daB eine Majoritat der Mehrzahl der effektiven 
Schwellwertpegel oder mindestens zwei effek- 
tive Schwellwertpegel ("2", "3") von einer netto- 
positiven Ladling auf dem schwimmenden Gate 
resultiert. 

2. Verfahren nach Anspruch 1 , 

dadurch gekennzeichnet, dafB der Schritt der Errich- 
tung einer Mehrzahl von effektiven Schwellwert- 
spannungspegeln V T1 beinhaltet, dafB mindestens 
vier solcher effektiven Schwellwertspannungspegel 
errichtet werden. 

3. Verfahren nach Anspruch 1 oder 2, 

dadurch gekennzeichnet, daft gemafB dem Schritt 
der Errichtung des Schwellwertspannungspegels 
alle effektiven Schwellwertspannungspegel der 
Mehrzahl moglicher Pegel so gewahlt werden, dafB 
sie von einer nettopositiven Ladung auf dem 
schwimmenden Gate resultieren. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, dafB der gegebene 
Schwellwertpegel der Transistoren der Speicher- 
zelle mindestens 3 V betragt. 

5. Verfahren nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, dafB der zusatzliche 
Schritt der Ansammlung eines Zahlstandes (S) 
gleich der Gesamtanzahl der Voreinstellungen der 
Zelle vorgesehen ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, 

dafB der Voreinstellschritt ein Loschungsschritt 
ist, der durch Abfuhr negativer Ladung von dem 
schwimmenden Gate (19) ausgefuhrt wird, urn 
so die effektive Schwellwertspannung der Zelle 
auf einen Basispegel abzusenken, der niedriger 
ist als der niedrigste Pegel entsprechend der 
Mehrzahl der feststellbaren Speicherzustande 
der Zelle, und 

dafB der Einstellungsschritt einen Programmier- 
schritt darstellt, der durch Zufuhr negativer 
Ladung an das schwimmende Gate (1 9) ausge- 
fuhrt wird. 

7. Verfahren nach Anspruch 6, 
dadurch gekennzeichnet, 

dafB gemafB dem Schritt der Programmierung 
der Zelle auf einer ihrer Schwellwertspannungs- 
pegel die Zelle mit kurzen Programmierimpul- 



sen abwechselnd gepulst und dann der Strom 
durch die Zelle gelesen wird, 
dafB mit Pulsen und Lesen fortgefahren wird, bis 
der Strompegel den Pegel entsprechend dem 

5 einen gewunschten effektiven Schwellwertpe- 

gel der Mehrzahl moglicher Pegel erreicht, 
wobei jeder der kurzen Programmierimpulse 
ungenugend ist, urn die effektive Schwellwert- 
spannung um mehr als ungefahr die Halfte der 

10 Differenz zwischen zwei benachbarten 

Schwellwertspannungspegel zu andern. 

8. Verfahren nach Anspruch 6, 
dadurch gekennzeichnet, 

15 

dafB gemafB dem Schritt des Loschens der Zelle 
die Zelle mit einem Loschimpuls abwechselnd 
gepulst und der Strom durch die Zelle gelesen 
wird, 

20 dafB mit Pulsen und Lesen fortgefahren wird, bis 

der Strompegel den Pegel entsprechend dem 
gewunschten Basisschwellwertpegel erreicht, 
wobei die GrofBe und die Dauer jedes Loschim- 
pulses so gewahlt wird, dafB der erste Ldschim- 

2S puis ungenugend ist, die Zelle voll zu loschen, 

und dafB jeder nachfolgende Loschimpuls um 
ein festgelegtes MafB hinsichtlich seiner Starke 
vergrofBert wird, bis die Zelle vollstandig 
geloscht ist. 

30 

9. Verfahren nach Anspruch 7, 
dadurch gekennzeichnet, 

dafB gemafB dem Schritt des Loschens der Zelle 
35 die Zelle mit einem Loschimpuls abwechselnd 

gepulst und ihr effektiver Schwellwertpegel 
gelesen wird, 

dafB mit dem Pulsen und Lesen so lange fortge- 
fahren wird, bis entweder der effektive Schwell- 
40 wertpegel den gewunschten Basisschwellwert- 

pegel erreicht oder die Anzahl der angelegten 
Loschimpulse eine voreingestellte Anzahl uber- 
stiegen hat. 

45 10. Verfahren nach Anspruch 5, 
dadurch gekennzeichnet, 

dafB die Zellen der Anordnung Blocke von zu 
adressierenden Zellen bilden und 
50 dafB der zusatzliche Schritt der Speicherung des 

Zahlstandes (S) in Zahlstandsspeicherzellen 
innerhalb jedes Blocks der Zellen erfolgt, zu 
denen der Zahlstand gehort. 

55 11. Verfahren nach Anspruch 10 ; 
dadurch gekennzeichnet, 

dafB der Zahlstand (S) zeitweise in einer Regi- 
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sterdatei gespeichert wird, 
daf3 anschliefBend der adressierte Block der 
Zellen geloscht und der Zahlstand (S) urn Eins 
erhoht wird, woraufhin der erhohte Zahlstand 
erneut in die Zahlspeicherzellen des adressier- s 
ten Blockes geschrieben werden. 

12. Verfahren nach Anspruch 6 und 10 

mit folgenden Schritten der Loschung eines adres- 
sierten Blockes: 10 

die Zellen werden wahrend einer vorbestimm- 
ten Zeit und mit genugender Spannung gepulst, 
um die Schwellwertspannung zu andern, aber 
ungenugend, um die Zellen vollstandig zu is 
loschen, 

danach wird der Strom durch eine vorgewahlte 
Anzahl (m+n) von Zellen gelesen, um ihre gean- 
derte Schwellwertspannung festzustellen, 
die Puis- und Leseschritte werden mehrfach 20 
wiederholt, wobei bei jeder Wiederholung des 
Impulsschrittes die vorbestimmte Spannung um 
einen Wert erhoht wird, der oberhalb des letzten 
Pulsschrittes ist, 

die Puis- und Leseschritte werden bei derm 25 
ersten Vorkommen einer der nachfolgenden 
Bedingungen beendet: 

die effektive Schwellwertspannung jeder der 
vorgewahlten Anzahl (m+n) der Zellen hat den 
Basispegel erreicht, oder 30 
der Pulsschritt ist mit einer vorgewahlten maxi- 
malen Anzahl wiederholt worden, oder 
eine vorbestimmte maximale Spannung fur 
einen Impuls ist bei dem letztvergangenen Puls- 
schritt erreicht worden, oder 35 
eine Anzahl (N) von Zellen der vorgewahlten 
Anzahl (m+n) der Zellen, die nicht voll geloscht 
verbleiben, ist gleich oder kleiner einer zulassi- 
gen Anzahl von nicht geloschten Zellen. 

40 

13. Verfahren nach Anspruch 12, 

dadurch gekennzeichnet, daB die vorgewahlte 
Anzahl (m+n) der Zellen bedeutend kleiner als die 
Gesamtanzahl (mxn) der Zellen des adressierten 
Blocks ist. 45 

14. Verfahren nach Anspruch 12 oder 13, 

dadurch gekennzeichnet, dafB der Zahlstand (S) 
gleich der Gesamtanzahl von Loschzyklen, den die 
Zellen des addressierten Blocks durchgemacht so 
haben, akkumuliert und in Zahlstandspeicherzellen 
innerhalbjedes Blockes der Zellen gespeichert wird, 
zu denen der Zahlstand (S) gehort. 

15. Vorrichtung in der Form einer Anordnung von elek- 55 
trisch anderbaren Speicherzellen mit einer Einrich- 
tung zur Adressierung individueller Speicherzellen 
zum Lesen und Andern ihrer Zustande, mit folgen- 



den Merkmalen: 

jede Zelle umfafBt einen Feldeffekttransistor mit 
einer Source-Region (13), einer Drain-Region 
(15), einer Kanalregion (17), einem schwim- 
menden Gate (19) und einem Steuergate (23), 
der Feldeffekttransistor besitzt einen Schwell- 
wertspannungspegel, der ein gegebener Pegel 
bei Abwesenheit einer Nettoladung auf dem 
schwimmenden Gate darstellt, aber gemafB 
einem Betrag von Nettoladung variabel ist, die 
von dem schwimmenden Gate gefuhrt wird ; 
die Vorrichtung umfafBt eine Einrichtung zur 
Errichtung einer Mehrzahl von effektiven 
Schwellwertspannungspegeln (V T1 ) oberhalb 
von Zwei, die einer Mehrzahl von individuellen 
feststellbaren Zustanden ("0", "1", "2", "3") der 
Zelle oberhalb von Zwei entspricht, 
ferner eine Einrichtung zur Voreinstellung der 
effektiven Schwellwertspannung der adressier- 
ten Zelle auf einen vorbestimmten Pegel durch 
Anderung des Ladungsbetrags auf dem 
schwimmenden Gate und 
eine Einrichtung zur Einstellung der adressier- 
ten Zelle auf einen ihrer Zustande der Mehrzahl 
moglicher Zustande durch Anderung des 
Ladungsbetrags auf dem schwimmenden Gate, 
bis die effektive Schwellwertspannung im 
wesentlichen gleich dem einen Pegel der Mehr- 
zahl der effektiven Schwellwertspannungspe- 
gel ist, 

dadurch gekennzeichnet, 
dafB eine Majoritat der Mehrzahl der effektiven 
Schwellwertpegel oder mindestens zwei effek- 
tive Schwellwertpegel (2, 3) von einer nettopo- 
sitiven Ladung auf dem schwimmenden Gate 
(19) resultieren. 

16. Vorrichtung nach Anspruch 15, 
dadurch gekennzeichnet, 

dafB der Feldeffekttransistor vom Typ mit 
gespaltenem Kanal mit einem ersten Kanalteil 
(L-|) und einem zweiten Kanalteil (L 2 ) ist, 
dafB das schwimmende Gate (19) benachbart 
der Drain-Region (15) angeordnet ist und sich 
uber den ersten Teil (N-,) der Kanalregion (17) 
erstreckt, wobei eine erste dielektrische 
Gate-Schicht (21) dazwischen in einer Weise 
vorgesehen ist, um den Betrag der Leitung 
durch den ersten Kanalteil (L,) gemafB einem 
Pegel der Elektronenladung zu steuern, die auf 
dem schwimmenden Gate (19) gespeichert ist, 
dafB das Steuer-Gate (23) sich uber mindestens 
einen Teil des schwimmenden Gates (19) 
erstreckt und von diesem isoliert (27) ist, wobei 
ein erster Transistor (T-| ) gebildet wird, der den 
Schwellwertspannungspegel (V T1 ) aufweist, 
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der bei Abwesenheit der Nettoladung auf derm 
schwimmenden Gate (19) als der gegebene 
Schwellwert betrachtet wird, der jedoch gemafB 
einem Betrag von Nettoladung variabel ist, die 
von derm schwimmenden Gate (19) gefuhrt 
wird, 

dafB das Steuer-Gate (23) auch benachbart der 
Source-Region (13) angeordnet ist und sich 
uber den zweiten Teil (L 2 ) der Kanalregion (1 7) 
erstreckt, wobei eine zweite dielektrische 
Gate-Schicht (25) dazwischen in einer Weise 
vorgesehen ist, urn die Leitung durch den zwei- 
ten Kanalteil (L 2 ) gemafB einem Pegel der Span- 
nung zu steuern, die an dem Steuer-Gate (23) 
anliegt, wobei ein zweiter Transistor (T 2 ) mit 
einer festgelegten Schwellwertspannung (V T2 ) 
gebildet wird, und 

dafB der durch den ersten Transistor (T-, ) gege- 
bene Schwellwertpegel (V T -|) genugend hoch 
errichtet wird, so daf3 mindestens zwei pro- 
grammierbare Schwellwertpegel von einer net- 
topositiven Ladung auf dem schwimmenden 
Gate (19) gebildet werden. 

17. Vorrichtung gemafB Anspruch 16, 
dadurch gekennzeichnet, 

dafB der gegebene Schwellwertpegel (V T1 ) des 
ersten Transistors (T-,) grofBer als der festgelegte 
Schwellwert (V T2 ) des zweiten Transistors (T 2 ) ist. 

18. Vorrichtung nach den Anspruchen 16 oder 17, 
dadurch gekennzeichnet, 

dafB die gegebenen Schwellwertpegel (V T1 ) des 
ersten Transistors (T-|) mindestens 3 V betragt. 

19. Vorrichtung nach Anspruch 18, 
dadurch gekennzeichnet, 

dafB der festgelegte Schwellwertpegel (V T2 ) des 
zweiten Transistorteils (T 2 ) ungefahr 1 V betragt. 

20. Vorrichtung nach einem der Anspruche 1 6 bis 1 7, 
dadurch gekennzeichnet, 

dafB der gegebene Schwellwertpegel (V T1 ) des 
ersten Transistors (T-|) genugend hoch errichtet 
wird, damitdie Majoritat oder alle programmierbaren 
Schwellwertpegel von einer nettopositiven Ladung 
auf dem schwimmenden Gate (19) resultieren. 

21 . Vorrichtung nach einem der Anspruche 1 6 bis 20, 
dadurch gekennzeichnet, 

dafB die Mehrzahl der programmierbaren Schwell- 
wertpegel des ersten Transistors (T-|) genau Drei 
betragt. 

22. Vorrichtung nach einem der Anspruche 1 6 bis 20, 
dadurch gekennzeichnet, 

dafB die Mehrzahl der programmierbaren Schwell- 
wertpegel des ersten Transistors (T-|) genau Vier 



betragt. 

23. Vorrichtung nach einem der Anspruche 15 bis 22, 
dadurch gekennzeichnet, 

5 

dafB die Voreinstellung und die Einstelleinrich- 
tung folgendes umfassen: 
eine Loscheinrichtung ist elektrisch mit minde- 
stens einer Loschelektrode einer adressierten 

10 Zelle verbunden, urn die Entfernung von Elek- 

tronenladung von dem schwimmenden Gate 
(19) so lange zu veranlassen, bis das schwim- 
mende Gate (1 9) positiv bis auf einen maxima- 
len Betrag geladen wird, 

15 eine Programmiereinrichtung ist mit minde- 

stens der Source- (13) und Drain-Region (15) 
sowie dem Steuer-Gate (23) elektrisch verbun- 
den, urn die Zufuhr von Elektronenladung auf 
das schwimmende Gate (19) zu bewirken, um 

20 den Betrag der darauf geladenen Elektronenla- 

dung von der maximalen positiven Ladung auf 
einen gewunschten effektiven Schwellwert- 
spannungspegel zu bringen, 
eine Leseeinrichtung ist mit mindestens der 

2S Source- (1 3) und Drain-Region (1 5) sowie dem 

Steuer-Gate (23) elektrisch verbunden, um den 
Pegel der auf dem schwimmenden Gate (19) 
gespeicherten Ladung zu lesen und zu bestim- 
men, auf welchem der effektiven Schwellwert- 

30 spannungspegel er liegt wobei der individuell 

feststellbareZustand ("0", "1", "2", "3") der Zelle 
gelesen wird. 

24. Vorrichtung nach Anspruch 23, 
35 dadurch gekennzeichnet, 

dafB die Loscheinrichtungen gleichzeitig mit 
Loschelektroden oder Gates von Speicherzel- 
len innerhalb eines Blocks einer Mehrzahl von 

40 unterschiedlichen Zellenblocken verbindbar 

sind, die in Vielfachreihen und -spalten der 
Anordnung vorliegen, um gleichzeitig die Elek- 
tronenladung von den schwimmenden Gates 
(19) der Zellen innerhalb eines Blocks zu 

45 andern, 

dafB die Loscheinrichtung eine Impulsfolge 
zunehmender Starke an die Loschelektroden 
oder -Gates des einen Blockes anlegen, bis 
mindestens entweder 

so 

(i) die Schwellwertpegel (V T1 ), welche von 
der Leseeinrichtung zwischen den 
Loschimpulsen festgestellt werden, und in 
mindestens einem voreingestellten Anteil 

55 (N < X) der Zellen des einen Blockes exi- 

stieren, einen Loschpegel erreichen oder 

(ii) eine voreingestellte maximale Anzahl 
( n max) von Loschimpulsen vorgekommen 
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sind, und 

dafB die Programmiereinrichtung mit einer 
adressierten Zelle innerhalb der Anordnung der 
Zellen verbindbar ist, um die Elektronenladung 
auf ihrem schwimmenden Gate (19) durch 
Anlage einer Reihenfolge von Programmierim- 
pulsen an die adressierte Zelle zu erhohen, bis 
mindestens entweder 

(iii) der Schwellwertpegel, der von der 
Leseeinrichtung zwischen den Program- 
mierimpulsen festgestellt wird und in der 
adressierten Zelle existiert, von dem 
Loschpegel auf im wesentlichen einen Wert 
angehoben wird, der einen gewunschten 
Pegel der Mehrzahl der vorbestimmten 
Schwellwertpegel (V T1 ) gleichkommt, Oder 

(iv) eine voreingestellte Anzahl von Pro- 
grammierimpulsen angelegt worden ist. 

25. Vorrichtung nach Anspruch 24, 
dadurch gekennzeichnet, 

daft die Programmiereinrichtung eine Einrichtung 
zur Begrenzung der Starke eines jeden Program- 
mierimpulses der Folge auf einen Wert umfafBt, der 
kleiner als der Wert ist, welcher den Schwellwertpe- 
gel des ersten Transistors (T-,) des Anspruchs 16 
um die Halfte der Differenz zwischen benachbarten 
effektiven Schwellwertspannungspegeln der Mehr- 
zahl verschiebt. 

26. Vorrichung nach einem der Anspruche 15 bis 25, 
dadurch gekennzeichnet, 

dafB eine Leseeinrichtung elektrisch mit minde- 
stens der Source- (13) und Drain-Region (15) 
und dem Steuer-Gate (23) verbunden ist, um 
den Pegel der auf dem schwimmenden Gate 
(19) gespeicherten Ladung zu lesen, daB die 
Leseeinrichtung eine Mehrzahl von Bezugs- 
spannungsquellen umfafBt, die jeweils der 
Mehrzahl der effektiven Schwellwertspan- 
nungspegel (V T -|) entsprechen, und 
dafB eine Einrichtung zum gleichzeitigen Ver- 
gleichen des durch die adressierte Zelle fliefBen- 
den Stroms mit der jeweiligen Bezugsstrom- 
quelle vorgesehen ist, wobei der Speicherzu- 
stand ("0", "1", "2", "3") der adressierten Zelle 
bestimmt wird. 



Revendications 

1 . Procede de modification d'un etat de memoire d'une 
cellule adressee d'une matrice, la matrice de cellu- 
les de memoire modifiable electriquement compor- 
tant un moyen pour adresser des cellules de 



memoire individuelles pour lire et modifier leurs 
etats, chaque cellule comportant un transistor a effet 
de champ avec une grille flottante (19) et ayant un 
niveau de tension de seuil qui est un niveau donne 
5 en I'absence de charge nette sur ladite grille flot- 
tante, mais qui est variable en fonction de la charge 
electrique nette portee par ladite grille flottante ; 
comprenant les etapes : 

10 d'etablissement d'une pluralite, superieure a 

deux, de niveaux de tension de seuil efficaces 
(V T1 ) qui correspondent a une pluralite, supe- 
rieure a deux ; d'etats individuellement detecta- 
bles ("0", "1", "2", "3") de la cellule ; 

15 de prereglage a un niveau initial predetermine, 

de la tension de seuil efficace de la cellule 
adressee, en modifiant la charge electrique sur 
la grille flottante ; et 

de mise de la cellule adressee dans I'un de sa 
20 dite pluralite d'etats par modification de la 

charge electrique sur la grille flottante jusqu'a 
ce que sa tension de seuil efficace soit sensi- 
blement egale a I'un de ladite pluralite de 
niveaux de tension de seuil efficace ; 
2S caracterise en ce qu'une majorite de ladite plu- 

ralite de niveaux de seuil efficace, ou au moins 
deux niveaux de seuil efficace ("2", "3") resul- 
tent d'une charge positive nette sur la grille flot- 
tante. 

30 

2. Procede selon la revendication 1, 

dans lequel I'etape d'etablissement d'une plu- 
ralite de niveaux de tension de seuil efficace (V T1 ) 
comprend I'etablissement d'au moins quatre de ces 
35 niveaux de tension de seuil efficace. 

3. Procede selon la revendication 1 ou 2, 

dans lequel I'etape d'etablissement de 
niveaux de tension de seuil comprend la selection 
40 de latotalitede ladite pluralite de niveaux de tension 
de seuil efficace pour qu'ils resultent d'une charge 
nette positive sur la grille flottante. 

4. Procede selon I'une quelconque des revendications 
45 1 a 3, 

dans lequel le niveau de seuil donne des tran- 
sistors de cellule de memoire est d'au moins trois 
volts. 

50 5. Procede selon I'une quelconque des revendications 
1 a 4, 

qui comprend I'etape additionnelle de cumul 
d'un compte (S) egal a un nombre total de fois ou la 
cellule a ete prereglee. 

55 

6. Procede selon I'une quelconque des revendications 
1 a 5, dans lequel I'etape de prereglage est une 
etape d'effacement effectuee en supprimant la 
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charge negative de la grille flottante (1 9) de maniere 
a abaisser la tension de seuil efficace de la cellule 
a un niveau de base qui est plus faible que le niveau 
le plus faible correspondant a ladite pluralite d'etats 
de memoire detectables de la cellule ; et 

dans lequel I'etape de mise dans un etat est 
une etape de programmation effectuee en ajoutant 
une charge negative a la grille flottante (1 9). 

7. Procede selon la revendication 6, dans lequel 
I'etape de programmation de la cellule a Tun quel- 
conque de sa dite pluralite de niveaux de tension de 
seuil comprend I'application alternee a la cellule 
d'une breve impulsion de programmation et ensuite 
la lecture du courant dans la cellule, la poursuite de 
I'application d'impulsions et de la lecture jusqu'a ce 
que le niveau de courant atteigne celui correspon- 
dant a I'un souhaite de ladite pluralite de niveaux de 
seuil efficace, chacune desdites breves impulsions 
de programmation etant insuffisante pour modifier 
ladite tension de seuil efficace de plus qu'environ la 
moitie de la difference entre deux quelconques, 
adjacents, de ladite pluralite de niveaux de tension 
de seuil. 

8. Procede selon la revendication 6, 

dans lequel I'etape d'effacement de la cellule 
comprend I'application alternee a la cellule d'une 
impulsion d'effacement et ensuite la lecture du cou- 
rant dans la cellule, la poursuite de I'application 
d'impulsions et de la lecture jusqu'a ce que le niveau 
de courant atteigne celui correspondant au niveau 
de seuil de base, I'amplitude et la duree de chacune 
de ces impulsions d'effacement etant choisie pour 
que la premiere impulsion d'effacement soit insuffi- 
sante pour effacer completement ladite cellule et 
pour que chaque impulsion d'effacement ulterieure 
ait son amplitude accrue d'un increment fixe jusqu'a 
ce que la cellule soit completement effacee. 

9. Procede selon la revendication 7, 

dans lequel I'etape d'effacement de la cellule 
comprend I'application alternee a la cellule d'une 
impulsion d'effacement et la lecture de son niveau 
de seuil efficace, la poursuite de I'application 
d'impulsions et de la lecture jusqu'a ce que, soit ledit 
niveau de seuil efficace atteigne le niveau de seuil 
de base voulu, soit le nombre d'impulsions d'efface- 
ment applique depasse un nombre predetermine. 

10. Procede selon la revendication 5, 



chaque bloc de cellules auquel le compte se 
rapporte. 

11. Procede selon la revendication 10, 

5 dans lequel ledit compte (S) est memorise 

temporairement dans un fichier de registres, puis le 
bloc de cellules adresse est efface et le compte (S) 
est increments de un, apres quoi le compte incre- 
ments est reecrit dans lesdites cellules de memori- 
se* sation de compte du bloc adresse. 

12. Procede selon les revendications 6 et 10, 

dans lequel I'etape d'effacement d'un bloc 

75 adresse comprend : 

I'application d'impulsion aux cellules pendant 
un temps predetermine et avec une tension suf- 
fisante pour modifier la tension de seuil mais 
insuffisante pour effacer completement lesdites 

20 cellules ; 

puis la lecture du courant dans un nombre 
selectionne (m + n) de cellules pour verifier leur 
tension de seuil modified ; et 
la repetition des etapes d'application d'impul- 

2S sion et de lecture plusieurs fois, chaque repeti- 

tion de I'etape d'application d'impulsion aug- 
mentant la tension predetermined d'un incre- 
ment au-dessus de celle de la derniere etape 
d'application d'impulsion ; 

30 I'arret des etapes d'application d'impulsion et de 

lecture lors de la premiere occurrence de I'une 
quelconque des conditions suivantes : 
la tension de seuil efficace de chacune dudit 
nombre selectionne (m + n) de cellules a atteint 

35 le niveau de base ; ou I'etape d'application 

d'impulsion a ete repetee un nombre maximal 
predetermine de fois, ou bien ; 
une tension maximale predetermined pour une 
impulsion a ete atteinte dans I'etape d'applica- 

40 tion d'impulsion la plus recente ; ou bien 

un nombre (N) de cellules dudit nombre selec- 
tionne (m + n) de cellules qui demeurent non 
completement effacees est egal ou inferieur a 
un nombre acceptable de cellules non effacees. 

45 

13. Procede selon la revendication 12, 

dans lequel le nombre selectionne (m + n) de 
cellules est plus petit d'une maniere significative, 
que le nombre total (m x n) de cellules du bloc 
50 adresse. 

14. Procede selon la revendication 12 ou 13, 
dans lequel le compte (S), egal au nombre 

total de cycles d'effacement que les cellules du bloc 
adresse ont subi, est cumule et memorise dans des 
cellules de memorisation de compte a I'interieur de 
chaque bloc de cellules auquel le compte (S) se rap- 
porte. 



dans lequel lesdites cellules de ladite matrice 
forment des blocs de cellules destines a etre 
adresses ; et 55 
comprenant en outre I'etape additionnelle de 
memorisation dudit compte (S) dans des cellu- 
les de memorisation de compte a I'interieur de 
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15. Dispositif sous forme de matrice de cellules de 
memoire modifiables electriquement comportant un 
moyen d'adressage pour adresser les cellules de 
memoire individuelles pour lire et modifier leurs 
etats, chaque cellule comprenant un transistor a s 
effet de champ avec : 

une region de source (13) ; 
une region de drain (15) ; 

une region de canal (17) ; 10 
une grille flottante (19) ; et 
une grille de commande (23) ; 
le transistor a effet de champ ayant un niveau 
de tension de seuil qui est un niveau donne en 
I'absence de charge nette sur ladite grille flot- is 
tante mais qui est variable en fonction de la 
valeur de la charge nette portee par ladite grille 
flottante ; 

le dispositif comprenant : 

un moyen pour etablir une pluralite, superieure 20 
a deux, de niveaux de tension de seuil efficaces 
(V T1 ) qui correspondent a une pluralite, supe- 
rieure a deux, d'etats individuellement detecta- 
bles ("0", "1", "2", "3") de la cellule ; 
un moyen pour mettre a un niveau initial prede- 25 
termine, la tension de seuil efficace de la cellule 
adressee, en modifiant la charge electrique sur 
la grille flottante ; et 

un moyen pour mettre la cellule adressee dans 
I'un de sa dite pluralite d'etats par modification 30 
de la charge electrique sur la grille flottante 
jusqu'a ce que sa tension de seuil efficace soit 
sensiblement egale a I'un de ladite pluralite de 
niveaux de tension de seuil efficace ; 
caracterise en ce qu'une majorite de ladite plu- 35 
ralite de niveaux de seuil efficace, ou au moins 
deux niveaux de seuil efficace ("2", "3") resul- 
tent d'une charge positive nette sur la grille flot- 
tante (19). 

40 

16. Dispositif selon la revendication 15, 

dans lequel ledit transistor a effet de champ est 
du type a canal en deux parties avec une pre- 
miere partie de canal (L, ) et une seconde partie 45 
de canal (L 2 ) ; et 

dans lequel ladite grille flottante (19) est situee 
adjacente a ladite region de drain (1 5) et s'etend 
dans ladite premiere partie (l_i ) de ladite region 
de canal (17), avec une premiere couche die- so 
lectrique de grille (21 ) entre elles, de maniere a 
commander la valeur de la conduction dans la 
premiere partie de canal (L-|) en fonction d'un 
niveau de charge d'electrons emmagasines sur 
ladite grille flottante (19); ss 
dans lequel ladite grille de commande (23) 
s'etend sur au moins une partie de la grille flot- 
tante (1 9) et en est isolee (27), en formant ainsi 



un premier transistor (T-|) ayant ledit niveau de 
tension de seuil (V T1 ) qui est donne en 
I'absence de charge nette sur ladite grille flot- 
tante (19) mais qui est variable en fonction 
d'une charge electrique nette portee par ladite 
grille flottante (19) ; 

dans lequel ladite grille de commande (23) est 
egalement situee adjacente a ladite region de 
source (1 3) et s'etend dans ladite seconde par- 
tie (L 2 ) de ladite region de canal (17), avec une 
seconde couche dielectrique de grille (25) entre 
elles, de maniere a commander la conduction 
dans la seconde partie de canal (L 2 ) en fonction 
d'un niveau de tension applique a la grille de 
commande (23), en formant ainsi un second 
transistor (T 2 ) ayant un niveau de seuil fixe 
(V T2 ) ; et 

dans lequel ledit niveau de seuil (V T1 ) donne par 
ledit premier transistor (T-|) est etabli suffisam- 
ment haut pour qu'au moins deux niveaux de 
seuil programmables resultent d'une charge 
positive nette sur la grille flottante (19). 

17. Dispositif selon la revendication 16, 

dans lequel ledit niveau de seuil donne (V T1 ) 
dudit premier transistor (V-|) est plus grand que le 
seuil fixe (V T2 ) dudit second transistor (T 2 ). 

18. Dispositif selon la revendication 16 ou 17, 

dans lequel ledit niveau de seuil donne (V T1 ) 
dudit premier transistor (T-| ) est d'au moins 3 volts. 

19. Dispositif selon la revendication 18, 

dans lequel le niveau de seuil fixe (V T2 ) de la 
seconde partie de transistor (T 2 ) est d'environ 1 volt. 

20. Dispositif selon I'une quelconque des revendica- 
tions 16 a 17, 

dans lequel ledit niveau de seuil donne (V T -|) 
dudit premier transistor (T-,) est etabli suffisamment 
haut pour que la majorite, ou la totalite, desdits 
niveaux de seuil programmables resultent d'une 
charge positive nette sur la grille flottante (1 9). 

21. Dispositif selon I'une quelconque des revendica- 
tions 16 a 20, 

dans lequel ladite pluralite de niveaux de seuil 
programmable du premier transistor (T-|) est exac- 
tement de trois. 

22. Dispositif selon I'une quelconque des revendica- 
tions 16 a 20, 

dans lequel ladite pluralite de niveaux de seuil 
programmable du premier transistor (T-|) est exac- 
tement de quatre. 

23. Dispositif selon I'une quelconque des revendica- 
tions 15 a 22, 
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dans lequel ledit moyen de mise a un niveau ini- 
tial et de mise dans un etat comprend : 
un moyen d'effacement connecte electrique- 
ment a au moins une electrode d'effacement 
d'une cellule adressee pour provoquer I'elimina- s 
tion de la charge d'electrons de la grille flottante 
(19) jusqu'a ce que la grille flottante (19) 
devienne chargee positivement jusqu'a une 
valeur maximale ; 

un moyen de programmation connecte electri- 10 
quement a au moins ladite source (13), ledit 
drain (15) et ladite grille de commande (23) pour 
provoquer I'addition d'une charge d'electrons a 
la grille flottante (1 9) pour amener la valeur de 
la charge d'electrons qui y est emmagasinee, is 
de ladite charge positive maximale a I'un sou- 
haite desdits niveaux de tension de seuil 
efficace ; et 

un moyen de lecture connecte electriquement 
au moins a ladite source (13), audit drain (15) 20 
et a ladite grille de commande (23) pour lire le 
niveau de charge emmagasinee sur la grille flot- 
tante (19) et pour determiner dans lequel des- 
dits niveaux de tension de seuil efficace elle se 
trouve, pour lire ainsi les etats individuellement 25 
detectables ("0", "1", "2", "3") de la cellule. 



grammation a la cellule adressee jusqu'a ce 
qu'au moins, soit : 

(iii) le niveau de seuil detecte par ledit 
moyen de lecture entre lesdites impulsions 
de programmation existant dans la cellule 
adressee est eleve par rapport audit niveau 
d'effacement jusqu'a egaler sensiblement 
I'un souhaite de ladite pluralite de niveaux 
de seuil predetermines (V T1 ) ; soit ; 

(iv) un nombre maximal predetermine 
d'impulsions de programmation a ete appli- 
que. 

I. Dispositif selon la revendication 24, 

dans lequel ledit moyen de programmation 
comprend un moyen pour limiter I'amplitude de cha- 
cune de ladite sequence d'impulsions de program- 
mation a une valeur qui est plus petite que celle qui 
decale le niveau de seuil du premier transistor (T-,) 
de la revendication 16 de la moitie de la difference 
entre ceux qui sont adjacents de ladite pluralite de 
niveaux de tension de seuil efficace. 

Dispositif selon I'une quelconque des revendica- 
tions 15 a 25, 



24. Dispositif selon la revendication 23, 

dans lequel ledit moyen d'effacement peut etre 
connecte simultanement aux electrodes d'effa- 
cement ou aux grilles des cellules de memori- 
sation a I'interieur de I'un de plusieurs blocs de 
cellules distincts dans les multiples rangees et 
colonnes de la matrice pour modifier simultane- 
ment la charge d'electrons des grilles flottantes 
(19) des cellules dans ledit un bloc; 
dans lequel ledit moyen d'effacement applique 
une sequence d'impulsions d'amplitudes crois- 
santes auxdites electrodes d'effacement ou 
auxdites grilles dudit un bloc jusqu'a ce qu'au 
moins, soit : 



comprenant en outre un moyen de lecture con- 
necte electriquement au moins a ladite source 
30 (13), audit drain (15) et a ladite grille de com- 

mande (23) pour lire le niveau de charge emma- 
gasinee sur la grille flottante (1 9) ; 
dans lequel ledit moyen de lecture comprend : 
une pluralite de sources de courant de refe- 
rs rence correspondant, respectivement, a ladite 
pluralite de niveaux de tension de seuil efficace 
(V T i);et 

un moyen pour comparer simultanement le cou- 
rant s'ecoulant dans la cellule adressee a cha- 
40 cune des sources de courant de reference, pour 

determiner ainsi I'etat de memoire ("0", "1", "2, 
"3") de la cellule adressee. 



(i) les niveaux de seuil (V T -|), detectes par 
ledit moyen de lecture entre lesdites impul- 45 
sions d'effacement, existant dans au moins 
une proportion predetermined (N < X) des 
cellules dudit un bloc, atteint un niveau 
efface ; soit 

(ii) un nombre maximal predetermine so 
( n max) d'impulsions d'effacement a ete 
produit ; et 

dans lequel ledit moyen de programmation peut 
etre connecte a une cellule adressee dans la 55 
matrice de cellules pour augmenter la charge 
d'electrons sur sa grille flottante (19) par appli- 
cation d'une sequence d'impulsions de pro- 
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